The resistance to b-lactam and non-b-lactam antibiotics of 133 nasopharyngeal isolates of Streptococcus pneumoniae recovered from December 1995 to February 1996 from children attending seven day-care centers in southwestern Greece was studied. Reduced susceptibility to one or more antimicrobial agents was found in 70 isolates (53%), as follows: penicillin, 17% intermediate, 12% resistant; cefotaxime, 10.5% intermediate, 1.5% resistant; trimethoprim-sulfamethoxazole, 8% intermediate, 35% resistant; chloramphenicol, 27% resistant; tetracycline, 29% resistant; and erythromycin/clindamycin, 19% resistant. Eighty-seven percent of penicillin-intermediate or -resistant strains belonged to serogroups/serotypes 19, 21, and 23. Fifty-six percent of the antibiotic-resistant pneumococci were multiply resistant, including serogroup 6 strains that were penicillin-susceptible but resistant to all non-b-lactam drugs tested, as well as serogroup 23 strains resistant to penicillin, chloramphenicol, tetracycline, and trimethoprim-sulfamethoxazole. The high incidence of antibioticresistant pneumococci and the divergent and unique resistance patterns found in this study underline the need for global surveillance of S. pneumoniae to document the evolution and spread of resistant strains and to guide therapy.
Streptococcus pneumoniae is the most frequent etiological countries, including Greece. Decreased susceptibility to penicillin was reported in 1994 in 14% of the pneumococci isolated agent of childhood bacteremia and of bacterial infections of the respiratory system, such as otitis media, pneumonia, and from the sputum of Greek adults with pneumonia [11] . Because nasopharyngeal colonization of children reflects the sinusitis [1] . The incidence of such respiratory infections, especially otitis media and pneumonia, is high during the preschool strains currently circulating in the community and causing infections such as otitis media, pneumonia, and sinusitis years, when large numbers of children attend day-care centers, leading to high rates of transmission of respiratory pathogens [12 -15] , we performed a study of the susceptibility to b-lactam and non-b-lactam antibiotics of nasopharyngeal isolates of [2, 3] .
Resistance of S. pneumoniae to b-lactam drugs and other S. pneumoniae from children attending day-care centers in southwestern Greece. antimicrobial agents is increasing in many parts of the world [4 -10] . In Southern Europe, only Spain and France are currently known to have a high prevalence of penicillin-resistant Materials and Methods pneumococci [5, 9] . Information on the prevalence of penicillin-resistant pneumococci as well as patterns of antibiotic resisStudy population. From 19 December 1995 to 15 February tance and serogroups/serotypes is lacking in many of these 1996, cultures for S. pneumoniae were performed on nasopharyngeal specimens from children attending seven day-care centers in the city of Patras, southwestern Greece. One culture specimen was obtained from each child who participated in Fisher's exact test were used. The Bonferroni correction was applied when multiple comparisons were made. A two-tailed to the clinical microbiology laboratory of the Karamandanion Children's Hospital of Patras on the same day. The plates were P value of £.05 was considered significant. then streaked and incubated at 35ЊC in an atmosphere of 5% CO 2 in air for 24-72 hours. Results In the search for pneumococci, up to eight a-hemolytic colonies from each specimen were subcultured, and pneumococci A total of 338 children, 12 -73 months old, who were attending the seven day-care centers were studied; 180 of the were identified by standard methods [17] . Usually one strain was isolated from each child. Strains were stored in serumchildren were boys. Between 13 and 105 children were tested at each center, representing Ç80% of the children attending glycerol freezing medium and immediately frozen at 070ЊC. The frozen strains were subcultured in batches and inoculated the centers. Of the 338 children tested, 132 (39%) were found to be onto blood agar slants. Strains were transported by air freight to the laboratories of University Hospitals of Cleveland in accarrying S. pneumoniae in their nasopharynges. A single pneumococcal strain was isolated from each carrier, with the excepcordance with local and international regulations.
There, the transported strains were confirmed as S. pneumontion of one child, from whom two different pneumococcal strains were isolated. iae by their inhibition by optochin and by bile solubility [17] . Susceptibility testing was performed on Mueller-Hinton agar Age and sex of carriers. Ages of carriers ranged from 12 to 73 months, with a median of 47 months. The carriers were supplemented with 5% sheep blood (Becton Dickinson Microbiology Systems, Cockeysville, MD), as follows. Strains were stratified into five age groups. Only nine children were younger than 24 months of age (table 2) . Seventy-eight of the carriers screened for penicillin resistance with use of 1-mg oxacillin disks. If oxacillin inhibition zones were õ20 mm, MICs of were boys. Carriage rates as well as distribution of antibioticresistant strains did not vary significantly by age group. penicillin and cefotaxime were determined by the Etest method (AB BIODISK, Solna, Sweden) [18, 19] . Susceptibility to Antibiotic resistance patterns and serogroup/serotype distribution of strains. Resistance (including both intermediate and chloramphenicol, tetracycline, erythromycin, clindamycin, and trimethoprim-sulfamethoxazole (TMP-SMZ) was determined full resistance) to one or more antimicrobial agents was found in 70 (53%) of the 133 isolates (tables 3 and 4). Antimicrobial by disk diffusion [20, 21] . Strains were serotyped by the capsular swelling method, with use of commercially available antiresistance patterns and serogroups/serotypes of the antibioticresistant strains are listed in table 4. Multiply resistant strains sera (Statens Seruminstitut, Copenhagen).
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07-28-97 10:51:57 cida UC: CID Of the respiratory tract infections, 46% were pharyngotonsil-* To one or more of the antimicrobial agents tested.
litis, 27% were acute otitis media, 10% were a combination of † Two strains were isolated from one child.
upper respiratory tract infections, and 17% were various lower respiratory tract infections or vaguely described conditions, such as chronic cough and bronchitis. The antibiotic used was (strains resistant to §3 classes of antimicrobial agents) bea penicillin, a cephalosporin, a macrolide, or TMP-SMZ in longed predominantly to serogroups 6 and 23.
53%, 22%, 20%, and 5% of the courses, respectively. None of Penicillin-intermediate and -resistant pneumococci. Thirtythese children had received tetracycline, clindamycin, cefotaxeight (29%) of the 133 pneumococcal isolates were intermediime, or chloramphenicol. ate or resistant to penicillin, and these were isolated from all Two of the carriers had been hospitalized during the precedday-care centers in the study. Twenty-two of these 38 isolates, ing 3 months for 1 and 2 days because of febrile seizures and isolated from five day-care centers, were intermediate to penigastroenteritis, respectively. The patient with febrile seizures cillin, with penicillin MICs ranging from 0.125 to 1 mg/mL was treated with intravenous amoxicillin-clavulanic acid, (MIC 90 , 0.5 mg/mL). For the same strains, cefotaxime MICs whereas no antibiotics were administered to the patient with ranged from 0.06 to 0.5 mg/mL (MIC 90 , 0.25 mg/mL). Four of gastroenteritis. these 22 penicillin-intermediate isolates were multiply resistant Twenty (54%) of the 37 children carrying a penicillin-interstrains: 1 strain was also resistant to chloramphenicol, tetracymediate or -resistant strain had received §1 course of b-lactam cline, and TMP-SMZ, and 3 were resistant to tetracycline, drug therapy in the previous 3 months, compared with 36 (39%) erythromycin, clindamycin, and TMP-SMZ. Ten, 5, 3, and 1 of the 92 children carrying a penicillin-susceptible strain, but of these 22 strains belonged to serogroups 19, 21, 23, and 6, this difference was not statistically significant (P Å .18, x 2 respectively; the remaining 3 penicillin-intermediate isolates with Yates' correction). When administration of §2 courses were not typeable.
of b-lactam drug therapy in the previous 3 months was considSixteen strains, isolated from five day-care centers, were ered, the corresponding numbers of children in the two groups resistant to penicillin. Penicillin-intermediate pneumococci were 11/37 (30%) and 19/92 (21%), respectively (P Å .38, were also isolated from three of these day-care centers. For the x 2 with Yates' correction). The number of children who had 16 penicillin-resistant strains, penicillin MICs ranged from 2 received §3 courses of b-lactam drugs was too small to be to 4 mg/mL (MIC 90 , 4 mg/mL). Cefotaxime MICs ranged from analyzed. 1 to 2 mg/mL (MIC 90 , 2 mg/mL). Fifteen of the 16 penicillinresistant strains were multiply resistant, with 14 strains additionally resistant to chloramphenicol, tetracycline, and susceptible. Resistance to only a single non-b-lactam agent was found in 11 strains, which were resistant to tetracycline * Six strains with oxacillin zones of 16 -19 mm in diameter were susceptible (MICs Å 0.06 mg/mL). TMP-SMZ Å trimethoprim-sulfamethoxazole.
(1 strain) and TMP-SMZ (10 strains).
07-28-97 10:51:57 cida UC: CID Two or more episodes of acute otitis media diagnosed by The surveillance of pneumococcal resistance in nasopharyngeal isolates is a practical way to estimate the prevalence of physicians during the preceding 3 months had occurred in 4 (11%) of the 37 children carrying a penicillin-intermediate or resistant strains in a community and is a good predictor of resistance in systemic isolates [12 -14] . When surveillance is -resistant strain and 6 (7%) of the 92 children with a penicillinperformed in a day-care center, carriage of resistant pneumosusceptible strain (P Å .6, two-tailed Fisher's exact test). Epicocci is higher than in a random sample of children of similar sodes of refractory otitis media had occurred in only two chilage in the community [25] . If the study is performed in a single dren. Both of them were 2.3 years old and were colonized with day-care center, the percentage of resistant strains may not be penicillin-susceptible strains.
representative of the whole area. In the present study we culProphylactic antibiotic use in the preceding 12-month period tured isolates from children from seven different day-care cenwas reported for only one child, who had received TMP-SMZ ters and identified 12 different resistance patterns in strains because of frequent episodes of acute otitis media. In addition, belonging to nine serogroups/serotypes. this child had been treated with loracarbef and erythromycinVery little information is available on the evolution and sulfisoxazole for two episodes of acute otitis media during the spread of antibiotic-resistant S. pneumoniae in the community preceding 3 months. This child was colonized with a pneumoand in day-care centers, as initial reports showed the problem coccal strain that had reduced susceptibility only to penicillin.
to be predominantly nosocomial [22] . One well-documented instance of the introduction and spread of a multiply resistant type 23F strain in a day-care center has been reported [24] , Discussion and the strain was shown to be identical to a common resistant There are several reports from many parts of the world, Spanish clone [6]. In our study, however, the resistant strains regarding both childhood carriers and clinical isolates, indicatbelonged to nine serogroups/serotypes, had many patterns of ing increasing resistance of S. pneumoniae to penicillin and resistance to the various classes of antimicrobial agents, and other antimicrobial agents [4, 8, 10] . Infection with and carriage had variable levels of penicillin resistance. Strains with comof antibiotic-resistant pneumococci have most commonly been mon serogroups/serotypes, resistance patterns, and penicillin associated with extremes of age, hospitalization, day-care cenMICs were noted in up to four day-care centers (table 4) . ter attendance, and prior exposure to antibiotics, especially Therefore, we conclude that several distinct clones of resisb-lactam drugs [4, 22 -24] .
tant pneumococci are circulating in the day-care centers and The day-care center environment combines several characin the communities in which the day-care attendees live. As teristics: children of young age with frequent infections; expomost resistant strains appeared to belong to one of five major sure of children to multiple courses of antibiotics, either as clones, we speculate that these strains were introduced into the therapy for these infections or as prophylaxis; and close conlocal communities or day-care centers and have spread, rather tact, making the potential for transmission of respiratory pathothan having evolved as a result of antibiotic selective pressure within these communities. gens among the day-care center attendees high.
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The emergence and spread of pneumococci with a particular Five (13%) of the 38 pneumococci with reduced susceptibility to penicillin belonged to serotype 21. Two of the TMPresistance pattern have been correlated with exposure to certain antibiotics [4, 24, 26] . However, in this study, although the SMZ -resistant strains also belonged to serotype 21. Serotype 21 is a rare type, found in õ0.3% of strains in two large studies carriage rate of penicillin-resistant strains was greater in the children that had received at least one or two courses of b- [36, 37] , and is a very unusual penicillin-resistant serotype worldwide. lactam drugs in the preceding 3-month period, the difference did not reach statistical significance. This may be due to the Penicillin resistance was found in only one strain belonging to serogroup 6. However, most of the penicillin-susceptible relatively small number of such children included in the study.
Reports from three European countries (Spain, France, and strains resistant to all non-b-lactam drugs tested belonged to this serogroup. In the Mediterranean countries of Spain and Bulgaria) show that 17% -20% of children, especially day-care center attendees, had pharyngeal colonization with penicillinFrance, a significant percentage of the antibiotic-resistant pneumococcal strains belong to serotype 14 [5, 9] . It is therefore intermediate or -resistant pneumococcal strains [15, 27, 28] . A recent report from Israel indicates a 14% rate of nasopharyngeal notable that only one serotype 14 strain was identified in this study among the 70 isolates with reduced susceptibility to the colonization with penicillin-intermediate or -resistant pneumococci during the second year of life [29] . However, only 1% of antimicrobial agents tested. This strain was a TMP-SMZ -intermediate strain. Swiss children were colonized with pneumococci with reduced susceptibility to penicillin [30] .
Fifty-six percent of the antibiotic-resistant S. pneumoniae isolates were resistant to multiple antimicrobial agents. Two Countries with high penicillin-resistance rates among clinical isolates include Bulgaria, Spain, and France [5, 9, 15] , while patterns of multiple resistance predominated. The first group included 15 strains of serogroup 23 with resistance to penicillin, countries of northwestern and central Europe, such as Switzerland, the Netherlands, Great Britain, and Sweden, have low chloramphenicol, tetracycline, and TMP-SMZ. The second group included 19 penicillin-susceptible serogroup 6 strains rates of pneumococcal resistance [4, 8, 31, 32] . It can be speculated that the high resistance rates observed in certain countries that were resistant to all non-b-lactams tested.
Multiply resistant serogroup 23 strains were first reported in result from the frequent use of antibiotics and possibly sometimes inadequate dosages taken by patients that permitted pneuSpain in 1987 and subsequently have been described in other European countries, as well as in other parts of the world, mococcal or other strains to develop resistance mechanisms. This is supported by the observed positive correlation within including the United States, Israel, and South Africa [5, 7, 35] . Our strains may well constitute further spread of such clones. the same country between the amount of antibiotic consumption and the frequency of the antibiotic-resistant strains [10],
The unique pattern of the penicillin-susceptible serogroup 6 strains resistant to all non-b-lactam drugs tested is a notable as well as by in vitro findings indicating the development of bacterial resistance in the presence of low antibiotic concentrafinding. While strains resistant to non-b-lactam drugs have been described by investigators in South Africa, these strains tions [33] .
Other studies have shown a greater frequency of carriage of were of multiple serogroups/serotypes and resistance patterns and were usually resistant to õ3 agents [12] . Pneumococcal resistant S. pneumoniae strains among children 1 -3 years old than among older children [4, 24] . We did not have a similar strains that are penicillin-susceptible but resistant to some nonb-lactam drugs have also been isolated in some European counfinding, but in our study only 7% of the children colonized with S. pneumoniae were younger than 24 months. This reflects tries, including Spain, France, and Belgium [5, 9, 38] . In our study, although 19% of the isolates were resistant to the fact that in Greece about 90% of the day-care center attendees are older than 24 months, which is very different from erythromycin and clindamycin, the association between erythromycin resistance and penicillin resistance was low. Only 4 the situation in other countries.
Analysis of the pneumococci isolated in cultures of nasopha-(11%) of the 38 penicillin-intermediate or -resistant strains were erythromycin-resistant as well. Moreover, only one of the ryngeal specimens obtained from day-care center attendees in southwestern Greece revealed a high prevalence of antibiotic-16 penicillin-resistant strains was also resistant to erythromycin. Although an association exists between erythromycin resistant isolates. Twenty-nine percent of the strains were penicillin-intermediate (17%) or -resistant (12%). Cefotaxime resistance and penicillin resistance in the United States [39], this association is less consistent in European countries [5, 9] . had decreased activity against 12% of the isolates: 10.5% were intermediate and 1.5% resistant.
Resistance to erythromycin may be related to the frequency of use of macrolides. In the present study, macrolides (clarithroIn our study antibiotic-resistant strains belonged to serogroups/serotypes 6, 23, 19, 21, 11, 16, 9, 14, and 15 (in order mycin or erythromycin) were used in 20% of the antibiotic courses administered. of decreasing frequency). Twenty-eight (74%) of the 38 strains with reduced susceptibility to penicillin belonged to serogroups Forty-three percent of the pneumococci had reduced susceptibility to TMP-SMZ: 35% of those isolates were resistant and 19 and 23. These two serogroups of penicillin-resistant pneumococci are very common in many parts of the world in both 8% intermediate. 
